Polybrominated diphenyl ethers (PBDEs) used as flame retardants are widely used in a variety of consumer products, like textiles, foam and building materials. They are persistent in the environment, and increasing levels of PBDEs have been found both biota and human tissue samples. In the present study we examined the dose-dependent effects of pentabrominated diphenyl ether (PBDE-99) on the serum hormone and histology of reproductive system in male rats. 40 health 4-week-old SD rats were divided into 4 groups randomly. The treated rats were orally administered with BDE-99 at the dose of 60, 120 or 180 mg/kg, while controls received equal volume of corn oil. We examined the changes of serum hormone levels, histopathology, and PCNA after 30 days exposure to BDE-99. With increasing doses of BDE-99, testis organ coefficient increased, serum hormone levels lower, PCNA positive expression reduced, and the degeneration of seminiferous epithelium were revealed in treated group. These indicators with significant dose-effect relationship showed that BDE-99 can reduce the serum sex hormone levels and cause severe degeneration of seminiferous epithelium.
INTRODUCTION
Polybrominated diphenyl ethers (PBDEs) are high-production-volume chemicals that have been widely used as flame retardants in a variety of consumer products including building materials, foam, transportation, furniture, household textiles, chemical engineering and electronic equipment [1] . Due to their high production volume, volatility, lipophilicity, persistence and bio-accumulation, PBDEs are regarded as ubiquitously occurring environmental contaminants [2] . PBDEs have been identified in various environmental sectors, including air, sewage sludge and sediment [3] , biota including fish [4] , mussels [5] , fish-eating birds and marine mammals [6] . PBDEs have also been identified in human adipose tissue, breast milk and blood [7] . Fetuses and newborns have the highest body burden, owing to exposure through house dust and via breast milk [8] . PBDEs spread to distant areas through environmental media, causing pollution repeatedly [9] .
Depending on the number and position of bromine atoms, PBDEs are categorized into 10 series of 209 homologues (PBDEs = C 12 H 10-x Br x O (x = 1, 2, ···, 10)). The structural of PBDEs are similar to polychlorinated bi-phenyls (PCBs). Recent researches showed that several PBDE congeners, including decabromodiphenyl ethers (BDE-209), hexabromodiphenyl ethers (BDE-153), pen-tabromodiphenyl ethers (BDE-99), and tetrabromodi-phenyl ethers (BDE-47). Two of the most abundant con-geners of PBDEs in wildlife and humans are BDE-47 and BDE-99 [10] . PBDEs gave a low acute toxicity in animals. After chronic exposure, the target organs are the kidney, thyroid and liver [11] . Effects of PBDEs in ex-periment animals include endocrine disruption, neurode-velopmental and behavioral outcomes, hepatic abnor-malities, and possibly cancer [12] . About the mecha-nisms of neurotoxicity, some researchers think of PBDEs through phospholipase A2 pathway can stimulate the release of arachidonic acid, influence calcium homeosta-sis and induce displacement of protein kinase C [13] . PBDEs have also been reported to decrease levels of thyroid hormones (T 4 ), because of PBDEs may disturb thyroid hormone transport [14] . Previous studies in hu-man found that PBDEs can effect on lower birth weight and length [15] , fertility [16] , thyroid hormone homeo-stasis [17] and cryptorchidism [18] . 
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of infants and tod-dlers [19] . Female reproductive toxic effects of PBDEs have been reported. Postnatal exposure of rats to BDE-47 was reported to decrease the serum levels of estradiol and alterations in folliculogenesis [20] . Nevertheless, there is scant information regarding possible effects of PBDEs on male reproduction system. This study is aim to gain insight into how BDE-99 effects on circulating levels of sex hormones, and the morphology of the testis, including histopathology, hisochemistry and its any potential mechanism.
MATERIALS AND METHODS

Animals
Forty male Sqarague-Dawley rats, 23 days old and weighing 40 -60 g, were purchased from the Institute of Surgery Research, Daping Hospital affiliated to the Third Military Medical University. The animals were housed in a room with a 12 h/dark and light cycle, room temperature at 25˚C ± 1˚C, and humidity at 50% ± 10%. They were given free access to tap water and rat chow, for 5 days, to make them acclimatized to the new environment prior to study.
Chemicals and Treatments
BDE-99 (>99%) was purchased from the Chemical Plant Cooperation of Kendu in Yantai of Shandong, prepared in corn oil and sonicated 30 min at 40˚C. SP histochemistry kit, proliferating cell nuclear antigen (PCNA) and diaminobenzidine (DAB) were purchased from a biotechnology company of Dingguo of Beijing. The BDE-99 solution then was administered to rats at the volume of 1 mL corn oil/kg BW.
The four-week-old male SD rats were randomly divided into four groups according to their bodyweight, of 10 rats in each group. Rats in treatment groups were orally gavaged with BDE-99 at the dose of 60, 120 or 180 mg/kg, respectively, for 30 days, while rats in the control group received an equal volume of corn oil for the same period of time.
After exposure, blood samples collected from infraorbital arterial were put in 37˚C water bath for 30 min, followed by centrifugation at 2500 rpm for 10min, and serum samples were stored at -20˚C.
Then, rats were killed by cervical dislocation. The testis were removed and weighed. Testis tissue samples were fixed in 4% paraformaldehyde, dehydrated in ethanol, embedded in paraffin. Serial sections were conducted at the interval thickness of 6 mm, and stained with hermatoxylin and eosin (HE) for testis tissue morphology analysis and immunohistochemistry. All of the experiments were approved by the Animal Use and Care Committee.
Serum Hormone Assay
Serum levels of total testosterone (T) and estradiol (E 2 ) were measured in duplicate by standard radioimmunoassay (RIA) kits. T, E 2 standard radioimmunoassay kits were purchased from North Biology Technology Research Institute of Beijing. Coefficients of variance for all assays were below 10% in intra-assay and inter-assay.
Histochemistry
The staining sections of proliferating cell nuclear antigen (PCNA) immunohistochemistry were quantitatively analyzed by a picture analysis system: five points in each section were observed at 200× magnification, and "target gray value" was regarded as measurement parameters. The average of gray value in five points was the gray value of this staining section, which was divided into 256 level: 0 was darkest, and 256 was brightest.
Statistical Analyses
All data are presented as mean ± standard deviation (SD). Analysis of variance (ANOVA) was performed using SAS for windows 8.1. A p < 0.05 was considered statistically significant.
RESULTS
Testis Organ Coefficient
Testis organ coefficient is a ratio of the weight of testis per 100 g of the body weight, which is a frequent observation in sub-acute and sub-chronic toxicity studies. After 30 days of exposure to BDE-99, it was found that the organ coefficient in treated groups were significantly higher than that in the control ( Table 1) . 
Serum Levels of Hormones
Data of serum concentration of T and E 2 in all groups are shown in Table 2 . There was a significant correlation between the exposure groups and the control group (p < 0.05). We also made a correlation analysis between the dose of BDE-99 and the concentration of T and E 2 . Exposure dose was negatively correlated with the concentrations and there had statistically significant difference (p < 0.05).
Testicle Histopathology
Histopathology of testicles in all the controls were normal and complete (Figure 1) . Seminiferous tubules in BDE-99 exposed groups appeared the changes of degeneration and necrosis. The desquamation of the seminiferous epithelium and the decreased spermatozoa were also found in the treated groups. These alterations were severely appeared in 180 mg/kg group (Figure 2) .
Immunohistochemical Assay
The positive expression cells of PCNA showed as brown in the nucleus, while negative in the cells appeared colorless. The positive cells were observed in seminiferous epithelium. The positive expression cells of PCNA in control group distributed diffusely, but the intensity of PCNA expression decreased from spermatogonia to sperm (Figure 3) . The PCNA positive expression cells in all treatment groups were lower than the control (Figure  4) . Results of PCNA expressing cells in all treatment groups are shown in Table 3 . The positive cells of PCNA in 120 mg/kg and 180 mg/kg group expressed significantly lower than control group (p < 0.05). However, there was no difference between 60 mg/kg group and control group (p > 0.05).
DISCUSSION
With the progress of the study, SD rats gradually matured. At this period, testosterone synthesized and secreted by Leydig cells reach a higher level and it is essential for the regulation of the male reproductive function. Blanco and Martinez reported that low level of testosterone may lead to detachment of germ cells from seminiferous epithelium and may lead to germ cell apoptosis. According to our findings, the levels of testosterone and estradiol in treatment groups were decreased and showed a dose-dependent relationship [21] . That means when exposured to the low dose of BDE-99, it had caused irreversible damage on leyding cell function. The changes of organ coefficient can reflex that if the organ have hyperplasia, hypermia, edema, or atrophy. So this may explain the increase of organ coefficient in treated group. The changes of histopathological in testicular gradually altered severely with the dose raised. We observed that BDE-99 induced atrophy and degeneration in seminiferous tubules .The reason of changes may be due to the decrease in testosterone levels in the serum. Vacuolations formed by the loss of germ cells were observed in sertoli cells in 180 mg/kg group. Vacuolization of sertoli cells may be owing to the change of cellular permeability [22] . Otherwise, based our founding, PCNA expression decreased which affected the development and generation of spermatocytes. So sperm cells developed delay, and caused spermatogenic function decreased finally. In short, BDE-99 affect the function of sperm cell, and cause sex hormones decreased, mature and differentiation of sperm delayed and the alteration in PCNA. All the results show clearly that BDE-99 can affect the reproductive functions in male rats.
CONCLUSION
We observed that with increasing doses of BDE-99, testis organ coefficient increased, serum hormone levels lower, PCNA positive expression reduced, and the degeneration of seminiferous epithelium were revealed in treated group. These indicators with significant dose-effect relationship showed that BDE-99 can reduce the serum sex hormone levels and cause severe degeneration of seminiferous epithelium in rats.
